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7KH JHQHUDOL]HG GLUHFW�IRUP ,, WUDQVSRVHG �'),,W� VWUXF�
WXUH LQ r�RSHUDWRU KDV EHHQ VWXGLHG E\ VHYHUDO DXWKRUV
UHFHQWO\ DQG LW KDV EHHQ VKRZQ WKDW WKLV VWUXFWXUH KDV
VRPH QLFH QXPHULFDO SURSHUWLHV RYHU WKDW LQ WKH FRQ�
YHQWLRQDO VKLIW RSHUDWRU� 1RWLQJ WKDW WKH r�RSHUDWRU
EDVHG '),,W VWUXFWXUH \LHOGV D EHWWHU SHUIRUPDQFH RQO\
IRU WKRVH GLJLWDO ,,5 pOWHUV ZKRVH SROHV DUH FOXVWHUHG
DURXQG ]  ��� EDVHG RQ D SRO\QRPLDO RSHUDWRU DS�
SURDFK D PRUH JHQHUDOL]HG '),,W VWUXFWXUH LV GHULYHG
DQG LWV HTXLYDOHQW VWDWH�VSDFH UHDOL]DWLRQ LV LQYHVWLJDWHG
LQ WKLV SDSHU� 7KH FRUUHVSRQGLQJ H[SUHVVLRQ IRU URXQG�
Ro QRLVH JDLQ LV GHULYHG� 7KH RSWLPDO SRO\QRPLDO SURE�
OHPV DUH WKHQ IRUPXODWHG DQG VROYHG IRU DQ\ JLYHQ pO�
WHU� ,W LV VKRZQ WKDW WKLV UHDOL]DWLRQ \LHOGV D VPDOOHU
URXQGRo QRLVH JDLQ WKDQ WKDW RI WKH JHQHUDOL]HG '),,W�
$ QXPHULFDO H[DPSOH LV JLYHQ WR LOOXVWUDWH WKH GHVLJQ
SURFHGXUH�

�� ,1752'8&7,21

7KH RSWLPDO VWUXFWXUH GHVLJQ KDV EHHQ FRQVLGHUHG DV
RQH RI WKH PRVW HoHFWLYH PHWKRGV �VHH� H�J�� >�@�>�@� WR
PLQLPL]H WKH HoHFWV RI pQLWH ZRUG OHQJWK �):/� HU�
URUV RQ WKH SHUIRUPDQFH RI GLJLWDO pOWHUV� ,W LV ZHOO
NQRZQ WKDW IRU D JLYHQ GLJLWDO pOWHU� WKHUH H[LVW D QXP�
EHU RI GLoHUHQW UHDOL]DWLRQV ZLWK ZKLFK WKH pOWHU FDQ
EH LPSOHPHQWHG� 7KH RSWLPDO ):/ VWDWH�VSDFH GH�
VLJQ LV WR FRPSXWH WKRVH UHDOL]DWLRQV WKDW PLQLPL]H WKH
GHJUDGDWLRQ RI WKH pOWHU GXH WR WKH ):/ HoHFWV� ,W
KDV EHHQ QRWHG WKDW WKH RSWLPDO UHDOL]DWLRQV DUH XVX�
DOO\ IXOO\ SDUDPHWHUL]HG� ,Q SUDFWLFH� LW LV GHVLUHG WKDW
WKH pOWHU KDYH D QLFH SHUIRUPDQFH DV ZHOO DV D YHU\
VLPSOH VWUXFWXUH WKDW SRVVHVVHV PDQ\ WULYLDO SDUDPH�
WHUV�� ZKLFK FDQ EH LPSOHPHQWHG H[DFWO\ DQG SURGXFH
QR URXQGLQJ HUURUV� 1RWLQJ WKLV IDFW� D ORW RI HoRUW KDV

� % \ WU LY LDO S DU DP HWHU V Z H P HDQ WK RVH WK DW DU H � DQ G h��

2WK HU S DU DP HWHU V DU H� WK HU HIRU H� U HIHU U HG WR Q RQ �WU LY LDO S DU DP H�

WHU V�

EHHQ PDGH WR DFKLHYH VSDUVH RSWLPDO RU TXDVL�RSWLPDO
UHDOL]DWLRQV �VHH� H�J�� >�@�>�@��

,W LV ZHOO NQRZQ WKDW WKRXJK KDYLQJ SRRU QXPHUL�
FDO SURSHUWLHV WKH GLUHFW�IRUPV LQ WKH FRQYHQWLRQDO VKLIW
RSHUDWRU DUH WKH VLPSOHVW VWUXFWXUHV� 5HFHQWO\� WKH
GLUHFW�IRUPV LQ GHOWD RSHUDWRU KDYH EHHQ VWXGLHG E\ UH�
VHDUFKHUV �VHH� H�J�� >�@�>��@�� $Q H[WHQVLYH FRPSDUDWLYH
VWXG\ RI GLoHUHQW GLUHFW IRUPV LQ GHOWD RSHUDWRU ZDV
JLYHQ LQ >��@� ZKHUH WKH WUDQVIHU IXQFWLRQ LV FDVFDGHG
LQWR VHFRQG RUGHU VHFWLRQV DQG HDFK VHFWLRQ LV LPSOH�
PHQWHG ZLWK D GLUHFW IRUP LQ GHOWD RSHUDWRU� ,W ZDV
VKRZQ WKHUH WKDW DPRQJ DOO WKH GLUHFW IRUPV� WKH GLUHFW
IRUP ,, WUDQVSRVHG �'),,W� VWUXFWXUH KDV WKH ORZHVW
TXDQWL]DWLRQ QRLVH OHYHO DW RXWSXW� ,Q >�@� WKH '),,W
VWUXFWXUH LQ r�RSHUDWRU ZDV LQYHVWLJDWHG IRU DQ DUEL�
WUDU\ RUGHU ,,5 pOWHU� ZKHUH WKH FRQFHSW RI GLoHUHQW
FRXSOLQJ FRHrFLHQWV DW GLoHUHQW EUDQFK QRGHV LV XWL�
OL]HG IRU EHWWHU URXQGRo QRLVH JDLQ VXSSUHVVLRQ�

7KH XVH RI GHOWD RSHUDWRU� GHpQHG DV r  ]b�
7V

ZLWK
7V WKH VDPSOLQJ SHULRG� ZDV pUVW SURPRWHG LQ HVWLPD�
WLRQ DQG FRQWURO DSSOLFDWLRQV �VHH� >��@� >��@�� /DWHU RQ�
WKH QXPHULFDO SURSHUWLHV RI WKH GHOWD RSHUDWRU� ZKHUH
7V LV UHSODFHG E\ D SRVLWLYH IDFWRU c� ZHUH LQYHVWL�
JDWHG LQ >�@ IURP D SXUH DOJHEUDLF SRLQW RI YLHZ� ,W
ZDV IRXQG WKDW RQH FDQ PDNH WKH WUDQVIHU IXQFWLRQ LQ
GHOWD RSHUDWRU KDYH EHWWHU QXPHULFDO SURSHUWLHV LQ WKH
FDVH ZKHUH WKH SROHV RI WKH WUDQVIHU IXQFWLRQ DUH FORVHU
WR ]  �� WKDQ ]  �� 7KLV PHDQV WKDW WKH GHOWD RS�
HUDWRU EDVHG VWUXFWXUHV KDYH D YHU\ JRRG SHUIRUPDQFH
IRU QDUURZ EDQG ORZ�SDVV pOWHUV DQG PD\ QRW \LHOG D
VDWLVIDFWRU\ SHUIRUPDQFH IRU RWKHU W\SHV RI pOWHUV� ,Q
WKLV SDSHU� RXU FRQWULEXWLRQ LV WZRIROG� )LUVW RI DOO�
EDVHG RQ WKH FRQFHSW RI SRO\QRPLDO RSHUDWRUV D PRUH
JHQHUDOL]HG '),,W VWUXFWXUH LV GHULYHG� 7KLV VWUXFWXUH
LV RSWLPL]HG ZLWK UHVSHFW WR WKH SRO\QRPLDO RSHUDWRUV
WR UHGXFH WKH URXQGRo QRLVH JDLQ� 7KH VHFRQG RQH LV WR
VWXG\ LWV HTXLYDOHQW VWDWH�VSDFH UHDOL]DWLRQ� ,W LV VKRZQ
WKDW WKLV UHDOL]DWLRQ DOZD\V \LHOGV D VPDOOHU URXQGRo
QRLVH WKDQ WKDW RI WKH JHQHUDOL]HG '),,W VWUXFWXUH�
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&RQVLGHU WKH IROORZLQJ WLPH�LQYDULDQW OLQHDU GLJLWDO pO�
WHU +�]� JLYHQ E\
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ZKHUH IqNJ DQG IcN ! �J DUH WZR VHWV RI FRQVWDQWV WR
EH GLVFXVVHG ODWHU�

,W FDQ EH VKRZQ WKDW +�]� FDQ EH UHSDUDPHWUL]HG
ZLWK IoP� pPJ LQ WKH SRO\QRPLDOV I~NJ� FDOOHG SRO\QR�
PLDO RSHUDWRUV�
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ZKHUH .  
4

S

N  �cN DQG 0 � 5�S � ��d�S � �� LV D ORZHU
WULDQJXODU PDWUL[ ZKRVH PWK FROXPQ LV GHWHUPLQHG E\
WKH FRHrFLHQWV RI WKH SRO\QRPLDO

4
S

N  P ~N IRU P  
�� �� ���� S DQG 0�S� �� S� ��  ��

,W FDQ EH VKRZQ WKDW WKH RXWSXW FDQ EH FRPSXWHG
ZLWK WKH IROORZLQJ HTXDWLRQV

\�Q�  p�X�Q� �Z��Q�

ZN�Q�  ~b�
N
>pNX�Q�b oN\�Q� �ZN � ��Q�@

ZS�Q�  ~b�
S
>pSX�Q�b oS\�Q�@ ���

ZLWK ZS � ��Q�  �� )LJ� � VKRZV WKH FRUUHVSRQGLQJ
UHDOL]DWLRQ VWUXFWXUH WR ���� ZKHUH ZN�Q� LV WKH RXWSXW
RI WKH RSHUDWRU ~b�

N
�

&OHDUO\� ZKHQ qN  �� cN  �� �N� )LJ� � LV WKH
FRQYHQWLRQDO '),,W� DQG ZKHQ qN  �� �N� RQH JHWV WKH
JHQHUDOL]HG r'),,W VWUXFWXUH� GHQRWHG DV :1
V VWUXF�
WXUH� VWXGLHG LQ >�@� ,Q WKLV SDSHU� ZH MXVW FRQVLGHU WKH
FDVHV IRU ZKLFK qN WDNHV YDOXHV IURP WKH VHW Ib�� �� �J�

)LJ� �� $ JHQHUDOL]HG '),,W VWUXFWXUH ZLWK SRO\QRPLDO
RSHUDWRUV

���� (TXLYDOHQW VWDWH�VSDFH UHDOL]DWLRQ

2QH FDQ LPSOHPHQW ~b�
N
ZLWK WKH UHDOL]DWLRQ GHSLFWHG

LQ )LJ� �� :H FKRRVH I[N�Q�J LQGLFDWHG LQ )LJ� � DV WKH
VWDWH YDULDEOHV DQG GHQRWH [�Q� DV WKH VWDWH YHFWRU� ,W
FDQ EH VKRZQ WKDW WKH SURSRVHG VWUXFWXUH LV HTXLYDOHQW
WR WKH IROORZLQJ VWDWH�VSDFH UHDOL]DWLRQ
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ZLWK'q  GLDJ�q�� c c c � qS��0o LV WKH SdS ]HUR PDWUL[
H[FHSW0�N� ��  bc�oN� �N DQG0o�N� N���  cN � �

IRU N  �� c c c � Sb �� DQG
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)LJ� �� $ UHDOL]DWLRQ RI RSHUDWRU ~b�
N

'HQRWH � z$~� z%~� z&~� p�� DV WKH UHDOL]DWLRQ JLYHQ LQ
��� EXW FRUUHVSRQGLQJ WR cN  �� �N� ,W FDQ EH VKRZQ
WKDW WKH UHDOL]DWLRQ �$~� %~� &~� p�� ZLWK DQ\ JLYHQ IcNJ

FDQ EH REWDLQHG IURP � z$~� z%~� z&~� p�� ZLWK D GLDJRQDO
VLPLODULW\ WUDQVIRUPDWLRQ� GHQRWHG DV 7VF�

$~  7VF z$~7
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���� O��VFDOLQJ

7KH O��VFDOLQJ PHDQV WKDW HDFK VWDWH YDULDEOH VKRXOG
KDYH D XQLW YDULDQFH ZKHQ WKH LQSXW LV D ZKLWH QRLVH
ZLWK D XQLW YDULDQFH� 7KLV FDQ EH DFKLHYHG LI

:F�N� N�  �� �N� ����

ZKHUH :F LV JLYHQ E\

:F  

� �;
N  �

$N

~
%~%

7

~
�$7

~
�N� ����

FDOOHG WKH FRQWUROODELOLW\ JUDPLDQ RI �$~� %~� &~� p���
'HQRWH z:F� FRUUHVSRQGLQJ WR � z$~� z%~� z&~� p��� ,W

IROORZV IURP ������� WKDW :F  7VF z:F7
7

VF
� 7KHUHIRUH�

WKH O��VFDOLQJ FDQ EH DFKLHYHG LI G
�
N
z:F�N� N�  �� �N�

ZKLFK OHDGV WR

c�  

T
z:F��� ��� cN  

V
z:F�N� N�

z:F�N b �� N b ��

N  �� �� ���� S� ����

:H QRWH WKDW IRU D JLYHQ GLJLWDO pOWHU� RQH FDQ LPSOH�
PHQW LW ZLWK WKH JHQHUDOL]HG '),,W VWUXFWXUH GHSLFWHG
LQ )LJ� � DV ZHOO DV LWV HTXLYDOHQW VWDWH�VSDFH �66� UH�
DOL]DWLRQ ���� ,Q WKH QH[W VHFWLRQ� ZH ZLOO DQDO\]H WKH
SHUIRUPDQFH RI WKH WZR VWUXFWXUHV LQ WHUPV RI URXQGRo
QRLVH JDLQ�

�� 5281'2)) 12,6( $1$/<6,6

5RXQGRo QRLVH RFFXUV LQ WKRVH YDULDEOHV FRPSXWHG ZLWK
PXOWLSOLFDWLRQV LI OHVV�WKDQ�GRXEOH SUHFLVLRQ p[HG�SRLQW
DULWKPHWLF DQG URXQGLQJ DUH XWLOL]HG� $VVXPLQJ URXQG�
LQJ RFFXUV DIWHU PXOWLSOLFDWLRQ� H[SUHVVLRQV IRU URXQGRo
QRLVH JDLQ LQ WKH DERYH WZR VWUXFWXUHV DUH GHULYHG EH�
ORZ�

���� 5RXQGRo QRLVH RI WKH JHQHUDOL]HG '),,W

6LQFH IqNJ DUH WULYLDO SDUDPHWHUV� WKHUH LV QR URXQGLQJ
RFFXULQJ DIWHU WKHP DW DOO� 7KHUHIRUH� WKH H[SUHVVLRQ
IRU WKH URXQGRo QRLVH JDLQ LV H[DFWO\ WKH VDPH DV WKDW
GHULYHG IRU :1
V VWUXFWXUH LQ >�@ IRU D JLYHQ VHW IqNJ�
'HQRWLQJ :R DV WKH REVHUYDELOLW\ RI WKH UHDOL]DWLRQ

�$~� %~� &~� p��� ZKLFK LV JLYHQ E\

:R  

� �;
N  �

�$ 7

~
�N& 7

~
&~$

N

~
� ����

'HQRWH *o� *p � DQG *c DV WKH URXQGRo QRLVH JDLQ
GXH WR IoNJ� IpNJ DQG IcNJ� UHVSHFWLYHO\� WKH WRWDO
URXQGRo QRLVH JDLQ LV JLYHQ E\

*  �WU�:R� � ��� � zo
7 :Rzo�b:R�S� S�� ����

:KHQ qN  �� �N� * DERYH \LHOGV WR URXQGRo QRLVH
JDLQ IRU WKH :1
V VWUXFWXUH >�@�

���� 5RXQGRo QRLVH RI WKH HTXLYDOHQW 66 UHDOL]DWLRQ

)LUVW RI DOO� ZH QRWH WKDW $~ KDV WZR QRQ�WULYLDO SD�
UDPHWHUV $~�N� �� DQG $~�N� N � �� LQ NWK URZ IRU N  
�� �� ���� Sb � DQG RQH QRQ�WULYLDO SDUDPHWHU $~�S� �� LQ
WKH SWK URZ� DOO WKH HOHPHQWV RI %~ DUH JHQHUDOO\ QRQ�
WULYLDO� DQG &~ KDV RQO\ RQH QRQ�WULYLDO SDUDPHWHU� $QG
DVVXPH WKDW WKH GLUHFW WHUP p� LV QRQ�WULYLDO� 1RWLQJ
WKDW HDFK RI WKRVH SDUDPHWHUV ZLOO SURGXFH D URXQGRo
QRLVH VRXUFH DIWHU PXOWLSOLFDWLRQ� ��� EHFRPHV

[e�Q� ��  $~[
e�Q� �%~X�Q� � u�Q�

\e�Q�  &~[
e�Q� � p�X�Q� � 
�Q� ����

ZKHUH u�Q� LV D QRLVH YHFWRU ZKRVH NWK HOHPHQW LV WKH
VXPPDWLRQ RI WKUHH DQG WZR URXQGRo QRLVH VRXUFHV IRU
N  �� �� ���� Sb � DQG N  S� UHVSHFWLYHO\� ZKLOH 
�Q�  
sF��Q��s

p��Q�� ZKHUH WKH WZR URXQGRo QRLVH VRXUFHV DUH
GXH WR &~��� DQG p�� UHVSHFWLYHO\�

'HQRWLQJ

H[�Q�
�

 [�Q�b [e�Q�� H\�Q�
�

 \�Q�b \e�Q��

LW FDQ EH VKRZQ WKDW

H\�Q�  b&~�], b$�b�u�Q�b 
�Q�

�

 uH�Q�b 
�Q� ����

6LQFH DOO WKH URXQGRo QRLVH VRXUFHV DUH VWDWLVWLFDOO\
LQGHSHQGHQW ]HUR�PHDQ SURFHVVHV ZLWK WKH VDPH YDUL�
DQFH ��

� � ZH KDYH

��  (>H�
\
�Q�@  (>u�

H
�Q�@ �(>
��Q�@� ����

:LWK VRPH PDQLSXODWLRQV� WKH URXQGRo QRLVH JDLQ� GH�

QRWHG DV *VV

�

 �
�

��
� FDQ EH VKRZQ WR EH JLYHQ E\ WKH

IROORZLQJ

*VV  WU�4:R� � �  �WU�:R�b:R�S� S� � �� ����

ZKHUH 4  GLDJ��� �� c c c � �� �� DQG :RLV JLYHQ E\ �����

5HPDUN ���� &RPSDULQJ ���� ZLWK ����� RQH FDQ FRQ�
FOXGH WKDW IRU WKH VDPH IqNJ� *VV � * LV DOZD\V WUXH�

���� 2SWLPDO RSHUDWRUV

$V PHQWLRQHG EHIRUH� qN WDNHV YDOXH IURP WKH pQLWH VHW
6q �

6q
�

 Ib�� �� �J� ����
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)RU D JLYHQ IqNJ� RQH FDQ FRPSXWH � z$~� z%~� z&~� p��
DQG KHQFH � z:F� z:R�� 7KHQ� WKH VFDOLQJ IDFWRUV IcNJ

FDQ EH FRPSXWHG ZLWK HLWKHU ���� DQG KHQFH 7VF FDQ
EH GHWHUPLQHG ZLWK ���� ,W FDQ EH VKRZQ WKDW :R  
7b�
VF
z:R7

b�
VF
� WKHQ WKH WRWDO URXQGRo QRLVH JDLQV * DQG

*VV FDQ EH HYDOXDWHG ZLWK ���� DQG ����� UHVSHFWLYHO\�
IRU WKH JHQHUDOL]HG '),,W VWUXFWXUH DQG LWV HTXLYDOHQW
VWDWH�VSDFH UHDOL]DWLRQ� :H KDYH WKH IROORZLQJ WZR LQ�
WHUHVWLQJ SUREOHPV

PLQ
qN � 6q � � N

*� PLQ
qN � 6q � � N

*VV� ����

7KH pUVW RQH OHDGV WR WKH RSWLPDO JHQHUDOL]HG '),,W
VWUXFWXUH� ZKLOH WKH VHFRQG RQH� WR WKH RSWLPDO HTXLY�
DOHQW VWDWH�VSDFH UHDOL]DWLRQ� 7KRXJK * DQG *VW DUH
KLJKO\ QRQOLQHDU IXQFWLRQ RI IqNJ� WKH SUREOHP FDQ EH
VROYHG HDVLO\ VLQFH WKH VSDFH IqN � qN � 6qJ LV pQLWH�

�� '(6,*1 (;$03/(6

7KLV LV D IRXUWK RUGHU ORZ�SDVV %XWWHUZRUWK pOWHU ZLWK D
QRUPDOL]HG �G% IUHTXHQF\ IF  ������ 7KH FRUUHVSRQG�
LQJ SROHV DUH ORFDWHG DW S���  ������h M������� S���  
������h M������ ZLWK MS���M  ������� MS���M  �������
7KH IROORZLQJ WDEOH VKRZV WKH URXQGRo QRLVH JDLQV

* DQG *VV IRU pYH GLoHUHQW VHWV RI IqNJ�

7 D EOH 5R XQGR o 1 R LVH *D LQ

q� q� q� q� * *VV

�� �� �� �� � � � � � � d � �
�

� � � � � � d � �
�

� � � � � � �� � � � � � �� � � �

� � � � � � �� � � � � � �� � � �

� � � � � � �� � � � � � �� � � �

� � � � � � �� � � � � �� � � �

+HUH� ZH QRWH WKDW I�� �� �� �J DQG I�� �� �� �J
FRUUHVSRQG WR WKH ]'),,W �LQ WKH VKLIW RSHUDWRU� DQG
WKH r'),,W �LQ WKH GHOWD RSHUDWRU�� DV SURSRVHG LQ >�@�

UHVSHFWLYHO\� 7KH FRPELQDWLRQV zq*
�

 I�� �� �� �J DQG

zq*VV

�

 I�� �� �� �J \LHOG WKH RSWLPDO SRO\QRPLDO RS�
HUDWRUV REWDLQHG IURP ���� IRU * DQG *VV� UHVSHFWLYHO\�
:H FDQ VHH WKDW IRU WKH JHQHUDOL]HG '),,W WKH RSWLPDO
SRO\QRPLDO RSHUDWRUV zq* \LHOGV D * ZKLFK LV MXVW KDOI
RI WKDW E\ r'),,W� $QG IRU RSWLPDO 66 UHDOL]DWLRQ zq*VV

�
LW LV EHWWHU WKDQ zq* DQG KDV D PXFK VPDOOHU URXQGRo
QRLVH JDLQ� MXVW RQH WKLUG RI WKDW \LHOGHG E\ r'),,W�

�� 5()(5(1&(6

>�@ 6�<� +ZDQJ� ?0LQLPXP XQFRUUHODWHG XQLW QRLVH
LQ VWDWH�VSDFH GLJLWDO pOWHULQJ�� ,((( 7UDQV� RQ
$FRXVW�� 6SHHFK� DQG 6LJQDO 3URFHVVLQJ� 9RO�
$663���� 1R� �� SS� �������� $XJ� �����

>�@ /� 7KLHOH� ?2Q WKH VHQVLWLYLW\ RI OLQHDU VWDWH�VSDFH
V\VWHPV�� ,((( 7UDQV� RQ &LUFXLWV DQG 6\VWHPV�
9RO� &$6���� SS� �������� 0D\ �����

>�@ 5�$� 5REHUWV DQG &�7� 0XOOLV� 'LJLWDO 6LJQDO
3URFHVVLQJ� 5HDGLQJ� 0$� $GGLVRQ :HVOH\� �����

>�@ 0LFKHO *HYHUV DQG *DQJ /L� 3DUDPHWUL]DWLRQV LQ
&RQWURO� (VWLPDWLRQ DQG )LOWHULQJ 3UREOHPV� $F�
FXUDF\ $VSHFWV� 6SULQJHU 9HUODJ /RQGRQ� &RP�
PXQLFDWLRQ DQG &RQWURO (QJLQHHULQJ 6HULHV� �����

>�@ *� $PLW DQG 8� 6KDNHG� ?6PDOO URXQGRo UHDOL]D�
WLRQ RI p[HG�SRLQW GLJLWDO pOWHUV DQG FRQWUROOHUV��
,((( RQ 7UDQV� RQ $FRXVW�� 6SHHFK� DQG 6LJQDO
3URFHVVLQJ� 9RO� $663���� QR� �� SS� ��������
-XQ� �����

>�@ *� /L� 0� *HYHUV� DQG <�;� 6XQ� ?3HUIRUPDQFH
DQDO\VLV RI D QHZ VWUXFWXUH IRU GLJLWDO pOWHU LP�
SOHPHQWDWLRQ�� ,((( RQ 7UDQV� &LUFXLWV DQG
6\VWHPV�,� 9RO� ��� SS� �������� $SULO �����

>�@ 1� :RQJ DQG 7�6� 1J� ?$ JHQHUDOL]HG GLUHFW�
IRUP GHOWD RSHUDWRU�EDVHG ,,5 pOWHU ZLWK PLQL�
PXP QRLVH JDLQ DQG VHQVLWLYLW\�� ,((( 7UDQV� RQ
&LUFXLWV DQG 6\VWHPV � ,,� 9RO� ��� SS� ��������
$SULO �����

>�@ 1� :RQJ DQG 7�6� 1J� ?5RXQGRo QRLVH PLQLPL]D�
WLRQ LQ D PRGLpHG GLUHFW IRUP GHOWD RSHUDWRU ,,5
VWUXFWXUH�� ,((( 7UDQV� RQ &LUFXLWV DQG 6\VWHPV
� ,,� 9RO� ��� SS� ���������� 'HF� �����

>�@ -� .DXUDQLHPL DQG 7�,� /DDNVR� ?5RXQGRo QRLVH
DQDO\VLV RI PRGLpHG GHOWD RSHUDWRU GLUHFW IRUP
VWUXFWXUHV�� LQ 3URF� ,((( ,QW� 6\PS� &LUFXLWV
6\VW�� �����

>��@ -� .DXUDQLHPL� 7�,� /DDNVR� ,� +DUWWLPR� DQG 6�-�
2YDVND� ?5RXQGRo QRLVH PLQLPL]DWLRQ LQ D GLUHFW
IRUP GHOWD RSHUDWRU VWUXFWXUH�� LQ 3URF� ,(((
,QW� $FRXVW�� 6SHHFK� DQG 6LJQDO 3URFHVVLQJ� $W�
ODQWD� *$� 0D\� �����

>��@ -� .DXUDQLHPL� 7�,� /DDNVR� ,� +DUWWLPR� DQG
6�-� 2YDVND � ?'HOWD RSHUDWRU UHDOL]DWLRQV RI
GLUHFW�IRUP ,,5 pOWHUV�� ,((( 7UDQV� &LUFXLWV DQG
6\VWHPV�,,� 9RO� ��� SS� ������ -DQ� �����

>��@ 9� 3HWHUND� ?&RQWURO RI XQFHUWDLQ SURFHVVHV� DS�
SOLHG WKHRU\ DQG DOJRULWKPV�� .\EHUQHWLND� 9RO�
��� SS� ������ �����

>��@ 5�+� 0LGGOHWRQ DQG *�&� *RRGZLQ� 'LJLWDO &RQ�
WURO DQG (VWLPDWLRQ� $ 8QLpHG $SSURDFK� 3UHQ�
WLFH +DOO� (QJOHZRRG &OLoV� 1HZ -HUVH\� �����
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